We investigated the role of hippocampal amyloid pathology in spatial learning impairment of a new mouse line carrying mutated human amyloid precursor protein (APP) and presenilin-1 (PS1) transgenes. The APP ؉ PS1 mice were tested in spatial navigation in the water maze and in position discrimination in the T-maze at ages of 3-4 and 11-12 months, before and after the appearance of first amyloid plaques. The APP ؉ PS1 mice were impaired in water maze acquisition and retention only at the age of 11-12 months, but performed equally to controls in the T-maze task at both ages. In the impaired older age group, the levels of total A␤1-42 in the hippocampus of APP ؉ PS1 mice correlated negatively with the retention score. Here we show for the first time that the age-dependent impairment in memory retention in the traditional water maze of APP ؉ PS1 mice correlates with the amount of total A␤ in hippocampus even at a stage when the amyloid deposits cover less than 1% of the hippocampal volume.
INTRODUCTION
Alzheimer's disease (AD) is the most common cause of dementia. The clinical picture is characterized by loss of recent memory as the first symptom and a progressive decline in all cognitive skills later in the course of the disease. At an early stage of AD, pathology is largely restricted to the hippocampus and medial temporal cortical structures (Hyman et al., 1984; Braak & Braak, 1991) , which play a pivotal role in declarative memory (Eichenbaum, 2000) . Several mutations in the genes encoding the amyloid precursor protein (APP), presenilin-1 (PS-1), and PS-2 proteins result in the overproduction of beta amyloid (A␤) and formation of amyloid plaques in cortical association and limbic areas and lead to familial AD (Hardy, 1997). There are several transgenic mouse lines that carry these mutated genes and develop progressive, age-related A␤ neuropathology with amyloid plaques and elevated levels of A␤ in the brain, especially in the hippocampus and neocortex. Importantly, some of these transgenic lines are also cognitively impaired in different tests of learning and memory (Hsiao et al., 1996; Chen et al., 2000; Gordon et al., 2001) . Considering the pivotal role of the hippocampus in AD pathology and in spatial memory (O'Keefe & Nadel, 1978) it is not surprising that most of the behavioral studies on transgenic AD mice have focused on their spatial learning abilities.
The Morris water maze has become a standard test for the assessment of hippocampal dependent spatial memory (Morris et al., 1982) . Several studies on transgenic AD mice have attempted to relate the level of hippocampal amyloid pathology with impaired water maze performance, but the data has remained only suggestive. For instance, Hsiao et al. (1996) reported an age-related increase in total levels of A␤ and number of A␤ plaques as well as an age-associated impairment in water maze learning in APPswe mice. However, no attempt was made to correlate hippocampal pathology with the behavioral deficit in that study. Further-
